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SUMMARY

An investigation wasmadeto determineexperimentallytheeffects
oftwotypesof trailing-edgecontrolson theaerodynamiccharacter-
isticsofa wing-bodyeotiinationconsistingof a k-percent-thickwing
ofrectanguhrplanformanda slenderbodyof revolution.Thetwo
controlswerea full-span,20-percent-chord,plain(unbalanced)flap
anda full-spantrailing-edgespiler. TestswereconductedatMach
numbersof 3.(M, 4.23,and5.0-5,anglesof attackup to32°,and
controldeflectionsup to~300fortheflapand~8-percentchordfor
thespiler.

Thevariationsof liftcoefficientwithangleof attackof the
flap-wing-bodycombinationandspiler-wing-bodycombinationwere
generallynonlinear.At anglesofattackgreaterthan4°,lossesin
lifteffectivenessandcontroleffectivenesswereobservedformostof
thenegativecontroldeflections.Flapcontrolloadsandflaphinge
momentswereadequatelypredictedat zeroangleof attackby a shock-
expansionmethodfortw-dimensionalflow. Thepredictedcontrolloads
combinedwiththepredictionsof lineartheoryforthewing(including
interferenceeffects)aadexperimentalresultsforthebodywerefound
togiveadequateestimatesof liftandpitchingmomentoftheflap-
wing-bodycod)inations.

Comparisonsoftheflapandspoilercontrolsforequalprojected
heightsaboveorbelowthewingsurfaceshowedthattheflapcontrol
wasmoreeffectiveinproducingliftandpitchingmomentthanthe

L spcilercontrolformostof theprojectedheightstested.At a given
wil.ueofM&t coefficient,theflapcontrolcontributedlessdragthan
thespoilercontrol.

.



2

INTRODUCTION
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Considerableresearchhasbeendevotedrecentlyta studiesof
conventionaltrailing-edgecontrols,suchasflapsandspcdlers,
particularlyatMachnumbersu~ toabo~t3;-Athighersupersonic
speeds,howeverjcomparativelyfewstudiesfithesecontrolshavebeen
made. Inadditian,thecapabilityof currentsupersonic-flowtheories
topredictthecharacteristicsofflapsands~ilershasbeenstudied
foro~a fewc~ses(e.g.,refs.1 through4). Toprovideadditional
itiormationonflapsandspailersathigherMachnumbers,testshave
beenconductedintheAmes10-by lb-inchsupersonicwindtunnelto
studytheeffectoftwosuchtrailing-edge-controlson me aerodynamic
characteristics~f a wing-bodycombination.&tMachnumbersfrom3.00to
5.05,anglesofattackfrom-20to +I&, andReynoldsnumbersranging
from0.53tol.lgmillion(basedonwingch~rd).Thecontrolstested
werea full-span,20-percent-chord,plain(unbalanced)flapanda full-
spamtrailing-edgespoiler.Resultsof thisinvestigationarepresented
andcomparedwithavailabletheories.
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body basearea

flapplanarea,exposed

wingchord

flapchord

dragcoefficient,dragqAb

liftcoefficient,~
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pitching-momentcoefficient(momentaboutbodynose),
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incrementalpitching-momentcoefficientalmutbodynosedueto

controldeflection,incrementalmomentq~z

spoilerheightmeasured.fromairfoilsurface,percentwing
chord(positivefordownwardextension)

bodylength

free-stresmMachnuniber

free-streamdynamicpressure

lodyradius

bodyradiusatbase

longitudinal.coordinate

emgleof attackofbody

controldeflectionanglemeasuredfromwing-chordplane
(negativeforupwarddeflection)

pro~ectedcontrolheightmeasuredfromairfoilsurfaceand
normaltowing-chordplane,percentchord

EmmIMmr

TestApparatusandTechniques

Thetestswereconducted.intheAmes10-by 14-tichsupersonic
windtunnelatMachnmbersof 3.00,4.23,and5.05.A detailed
descriptionof thiswindtunnelanditscharacteristicscanbefound
inreference5.

Lift,drag,andpitchingmomentof thecompletemodelwere
measuredby a three-componentstrain-gagebalance.Forcesparallel
emdperpendicularto thebalanceaxisandmomentsaboutthemodelbase
weremeasureddirectly.AU forceswerethenresolvedtolift,drag,
andpitchingmomentaboutthenoseof themodel.Hingemomentawere
measuredby straingagesmountedwithinthemodel..Anglesof attack
greaterthanthe+~ rangeof themodel-balanceassemiblywereobtained
by theuseofbentstingsupports.Airloadson thesesup~rtswere
essentid.lyeliminatedby shroudsthatextendedtowithinO.0~ inch
of themodelbase.
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Bodybasepressuresweremeasuredin all. tests andthe resultant
forces(referredtofree-streamstaticpressure)weresubtracted
thetotalforcessothatthedatapresentedareforforcesahead

-..-

of thebodybase.

Streamstatic and@xmic pressureswere determinedfromwind-
tunnel calibrations andfromtunnel stagnationpressuresmeasuredby
a 130urdontype gage. Re~oLls numbers(basedon wingchord) for the
tests were:

Reynoldsnumber,
Machnumber million

3.00 1.19
k.23 1.09
5.05 ●53

Models

Principaldimensionsofthewing-%odycombinationandcontrols
testedareshowninfigure1. Thewipghada h-percent-thickbiconvex
section,witha w-percent-blunttrailingedge,anda rectangularplan
formwithanaspectratioof1 (forexposedpanelsjoinedtogether).
Thesupportbodyhadanover-allfinenessratioof12,consistingof
a fineness-ratio-3nosewttha 3/&powerprofile(seeref.6), faired
toa cylindrical.sfterbo~-offinenessratio9. Theratioofbody
radiustowingsemispanwasO.~. Resultsoftestson thessme
configurationemployingthewingsasall-movablecontrolsarepresented
inreference7..

-.

Twofull-spantrailing-edgecontrolsweretested.Onewasa plain
flap(unbalanced)witha chordlengthequivalentto20-percentwing
chordandthehingelineattheleadingedgeoftheflap. Theotherl?as
a spoilerconsistingof a full-spanprojectionat thetrailingedgeof
thewing. Flaphingements weremeasureddirectlyon& se~sratemodel,
identicaltotheonedescribedpreviously,by theuseofan internally
mountedstrain-gagebalance.

AccuracyofResults

Stresmconditions.-StreamMachnumberin theregionof testmodels
didnotvarymorethaniO.02fromthemeanvaluesof 3.00, 4.23,and
5.05. Correspondingvariationsin stresmstaticanddynfiicpressures
weresufficientlysmallsothatbuoyancycorrectionswerenotnecessary.
DeviationsinReynoldsnumberfromthevaluespreviouslygivendidnot
exceed~10,000.Theestimatederrorinangle-of-attackvaluesdidnot
exceedi0.2°.

1?

*
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ThefoXlowingtableofuncertaintiesrepresentsthemaximum
. possibleerrorsinvolvedinthemeasurementof theaerodynamicforces

andmoments.

ComponentM= 3.00

CD M .01

% +JO1

% t.ol

ch ~,oo5

M= 4.23 M= 5.05

to.02 to .02

~o)z i.02

i.ol *002

3.01 ~ool

RESULTSANDDISCUSSION

Resultsoftheexperimentalinvestigationof’twotrailing-edge
controlsarepresentedinfigures2 through10. Thedataarealso?,
presentedintableI intheformoflift,drag,normal-force,
pitching+noment,andhinge-momentcoefficientsasa functionofangle

v ofattack.

Trailing-EdgeFlapControl

5

Wing-hody combinationcharacteristics.-Thevariationsof lift
coefficientof thewing-bodycombinationwithangleof attack,drag
coefficient,andpitching-mentcoefficientsrepresentedinfigure2
foralllkchnumberssadcontrolanglestested.Ingeneral,the
resultspresentedinfigure2 showno greatchangeinaerodynamic
characteristicsas testMachnumberisincreased,otherthanthe
expecteddecreaseinlifteffectivenesswithincreasingMachnumber.
Thevariationof CL with a isgenerallynonlinear,with C~
increasingwithincreasing@e of attack.

Thevariationswithflapdeflectionangleofliftandpitching-
momentcoefficientsYorthecombinationarepresented-infigure3. In
general,foranglesof attackgreaterthan0°,thecurvesshowsome
reductionin controleffectiveness,~Cm~~,aS COll&r?Oldefl-ections
rangefrompositivetonegativecontrolangles,thatis,as thecontrol

b pro~ections-gofromthehigh-pressuresideoftheairfofito thelee
orlow-pressureside. Thisismostevidentatanglesof attackof8°
and12°,wheretheresreno
changesfrom-20°to -30°.

appreciablechangesin CL and~ as 5
Althoughmostof this loss in effectiveness

.

---
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canbe accountedforfrominviscidtheoretical
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considerations,shock-
inducedseparationofthelsminarboundarylayeraheadofthe-flap
hingelinemayalsocontributefurtherlossesat thelargenegative
controlangles.

Forpurposesof comparison,theoretical. estimatesof CLand%
are also presentedin figure 3. The theoretical estimatesof CLand
Cm forthewing-bodycombinationwereobtainedinthefollowing
manner:Ftrst,experimentalvsluesof C!Land~ forthebodyalone
wereobtainedfrcmreference8. Theforcesandmomentsdueto the
wingandtowing-bodyinterferencewerecalculatedafterthemethodof
reference9.1 Theincremental.liftandpitching-momentcoefficients
dueto controldeflection,~ and~, wereestimatedby useof the
slender-airfoilshock-expansionmethodofrefere?ice10.2 Thesummation
ofthesethreecontributionsispresentedinfigure3 asthetheoretical
estimatesof CLand~.

Comparisonofthepredictionsofthetheorywithmeasuredresults
(fig.3)showsthatthepredictionsofliftcoefficientareingood
agreementthroughouttherangeof testparameters.Agreementbetween
theoreticalandmeasuredvaluesofpitching-momentcoefficientis
generallysatisfactoryforflapangleslessthan20°.

Rixe~omentcharacteristics.-Thevsria.tionswithangleof attack
of theflaphingem~mentcoefficients,Ch,arepresentedinfigure4.
In general,thevariationof Ch with a islinearforsmallvaluesof
5 (15.[~loo). Forlargenegativecontrolangles,thevaluesof ~
decreasesharplyas a isincreasedaboveOO. Thischangeis thought
to stemfromflowseparationaheadofthehingelineinducedby shock-
waveboundary-layerinteraction.Forlargepositiveflapdeflections,
however,no abruptchangein Ch withincreasinga is apparent.
Thevariationsof ~ tithflapangle,presentedinfigure5, arealso
nonlinear.Thenonlinearityatlargepositiveflapdeflections,for
themostpsrt,isdueto thenonlinearvariationofpressurecoefficient
withflowdeflectionangles.Forthelarge-negativeflapdeflections,
thenonlinearitiesarepossiblyduetotheeffectsof shock-wave
boundary-layerinteraction.

Compmisonsofexperimentalresultswfthpredictionsof shock-
expansiontheoryaremadeinfigure4. Thetheorygivesadequate
predictionsofflaphinge%mnentcoefficientforflap..deflectionsfrom
-20Q to +30O over thetestrangeofangleofattac~ Forthelargest

‘Reference9 presentsestimatesof CL andCmforall-movablewlng-
bodycombinations.Thevaluesusedinthepresentreportareforvalues
of theunreflectedwing(8= OO).

2’Themethodofreference10 isapplicabletotwo-dimensionalfbw
only. Additionalcomputationsinvolvingthree-dimensionaleffectswere
notincludedsinceno improvementinthepredictedvaluesof CL and~
wasobtainedby usingtheseadditionalcomputations.

.
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negativeflapdeflection,however,theagreementbetweentheoretical
. andexperimentalvaluesof Ch ispoorforanglesof attackgreater

thanOO. Thisdifferenceagainisattributedto shock-waveboundsry-
layerinteractioneffects.

Trailing-Edge Spoiler Controls

Wing-bo&ycombinationcharacteristics.- Variations of lift coeffi-
cient of tbe wing-bodycombinationwith angle of attack, drag coeffi-
cient,andpitching-momentcoefficientarepresentedin figure 6 for all
lfachnumbersandspoiler heights tested. There is no large changein
the aerodynamiccharacteristics of the combinationwith increasing Mach
numberother thanthe expecteddecrease in lift effectiveness. In
general, the curvespreqentednomarkeddissimilarityfromtheres~ts
presentedfortheflapcontrol.

Figure 7 showsthe variation of measwedlift andpitching-oment
coefficients with spoiler heights at various angles of attack of the
wing-bodycombination. Again the markedsimilarity betweenthese

% results andthose for the flap is evident. Bothlift andmoment
coefficients showthe sanetrend as with the flaps, that isj a decreasiw
controleffectivenessforspoilerdeflectionsrangingfromyositiveto

T negativevaluestoraJlanglesof attackgreater thanOO.

A comparisonof therelativeeffectivenessofflapandspailer
controlsismadeinfigures8 and9 for M = 3.00.Theliftand
pitching~entcoefficientsof thecontrol-wing-bodycombinationssre
presentedasa functionof theprojectedheightof thecontrolsabove
orbelowtheairfoilsurfacesndnormslto thewing-chordplane.It
canreadilybe seenthat,forequal.controlheights,theflapcontrol
isusuallymoreeffectivethanthespoilercontrolthroughouttherange
of controlheightspresented.Theflapcontrolgivesincreasesin
effectivenessranging-about 10percentat thelargear@es of.
attackb 100percentat a = 0° formostpositivecontrolheights.

—.

I& mostnegativecontrolheightsat a # 0°,theadvantageof theflap
controlismorepronouncedsincethespoilertendstoloseitslift
andpitching-mmenteffectivenessaltogether.An additionalcompsmison
ismadeinfigure10wheretherelativeefficienciesof thetwocontrol-
ting-bodycombinationssrepresented.It is seenthat,foreWs.l-
controlheights~theflapcontrolcontributeslessdragtianthespoiler
controlata givenvalueofliftcoefficientofthetestmodel.In
addition,sincetheflapcontrolhasbeenshowntobe a moreeffective
controlthanthespoiler,it can be ass~d thattheprojec~dcon~o~

* heightof thespoilerwillbelargerthanthatof theflapcontrolto
producetrimmedconditionsforthetestconfiguration.This,inturn,
wouldleadb anadditionaldragpenaltyassociatedwiththeuseof

F spoilercontrols.

—

.
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CONCLUSIONS

An experimentalinvestigationoftheeffectsoftwotypesoffull-
. .

spantrailing-edgecontrols.,ontheaerodynamiccharacteristicsof a
wing-bodycombinationhasbeenmadeatMachnumbersof 3.00,4.23,and
5.05,andReynoldsnumbersranging-froml.lgto0.53million.k
analysisoftheresultsforthe20-percent-chordplainflapcontrol
andthespoilercontrol,andcomparisonofexperimentalresultswith
availsbletheoryhaveledto thefollowingconclusions: :

1. Thevariationofliftcoefficientwithangleofattackof the
flap-wing-bodycombinationisgeneray notiinew,withtheslopeof
theliftcurvesincreasingwithincreasingangleofattack.Lossesin
controleffectivenessarenotedforlargenegativecontrolanglesat
anglesof attackgreaterthanabout4°. In general,flapcontroleffec-
tivenessdecreasedtithincreasingMachnumber.

-.
-— —

2. Theaero@mmiccharacteristicsof thespoiler-wing-body
combinationsshowthesametrendsastheflap-wing-bodyconibination.
Comparisonsof theflapandspoilercontrolsforequalprojectedheights
aboveorbelowthewingsurfaceshowthattheflapcontrolismore p
effectiveinproducingliftandpitchingmomentthanthespoilercent-rol
formostofthecontrolheightstested.At a givenvalueoflift
coefficient,theflapcontrolcontributeslessdragthanthespoiler

.
r

control.

3* Theaerodynamiccharacteristics of the flap-wing-bodycombina-
tions are predicted with reasonableaccuracyby a methodthat combines
theoretical values of wingandcontrol loads with experimentalresults
for the bodyalone. Thetheoreticalwingloads(includinginterference
effects)arecalculatedby linear-theorymethods,andthecontrolIoati
arecalculatedby a two-dimensionalshock-expansionmethod. —

4. Flaphingemomentsvarylinearlyovertheangle-of-attackrange
forflapdeflectionsfroRI-10°to+lOO.Forlargenegativeflapdeflec-
tionsthevariationofhingemomentstithangleofattackarenonlinear,
dueapparentlytotheeffectsof shock-waveboundary-layerinteraction.
Forlargepositiveflapdeflections,hingemomentsarenonlineardueto
thenonlinearvariationofpressurecoefficientwithflowdeflection
angle.Thetwo-dimensionalshock-expansionmethodgivesadequatepre-
dictionsofhinge-mmentcoefficientsforflapdeflectionsfrom-20°to .._ ._
+30°fortheentirerangeof anglesof attack.For-30°controldeflec-
tionthepredictionsofthetheoryare~orer. Ingeneral,hinge-moment
coefficientsdecreasedwtthincreasingMachnumber.

AmesAeronauticalLaboratory
*

NationalAdvisoryCommitteeforAeronautics
MoffettField,California,Nov.7, 1955 4
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TABLEI.-AERODYNAMICCHARACTERISTICSOF CONTROL-WING-BODYCOMBINATIONS
(a) Trailing-edge flap control
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,204
,2*

g

,602
735

tm
,2J.7
,136
,194
,Z?2
m

ijj

l%
217
285

a

$J

%
TzFj
.01:
-.06
-.ly
-.a
-.43
-.6@
-.82!
-1.qi’
.1.y)

.23J

-:%
-,19’
-.s’
-.5X
-.6T
-.W
.1.1X

.094
-.04Z
-.2M
-.=
-.%s
-.m
-.8y
1.055
‘1.96

.288

-:%9
-.184
-.373
-.%5
-.P3
-.5%3
L.lm

.W3
-.L20
-.*
-.377
-.5n
..&y
-.873
L.U3
L.373

:Y&

-.W
-.17
3?0

&
-K&
-.897
L.-

.02s
-.188
-.3@
-.6TL
-.733
-.966
1.1.19
1.337
1.754

%
T75E
.01

iii!
-.0s
-J%
-.07
-.W

.06

.04

.02

.Col
o
-.01:
-.Oz
-.03
-,05

-.@
-.04:
-.@
-.IJ&
-dot
-.l&
-.I.24
-.14:
-.16:

.168

.Ua

:%
.027
.015
.O1o
.@
).

..0’%4

..U8

..I.68

..197

..&?7

..257

..296

..333

..*.

.ti

.249

.135

.Om.

.0s

.021

.015

.O11

.010

-.13
-.249
-.xJ6
-.+3

:;&

:Xil

kC*+.3’
..0$
Jo’
.Qti
.42

~ .*
1.U’
1.43
1.8x
2.2X

-.
3?-.0<
.22:

:6%
1.043
1.2
,.4
2.IX

..Q2:
.04$
.334
.53
.849

::L?
l.tw
2.337

-.441
-.13’7

:$;
.678
1.054
M&

2.*

-.163

M

:E
1?339
1.571
2,012
2Ml

-.5n
-,233
.I15

:%
1Sno
1.213
1,GL6
2.037

-,IJ.5
.233/
.577
.9%
1.13
1.542
1.819

J
2,274
2.843

,.

.

—tiai
%z
o
1.(
2.(
2,!

!:/
~.:

2::

-2.C
o
2.C
2.s

::;
7.5
Lo.C
L2,c

-2.0
0
2.0
2.9
4.9
6.9
7.9
.0.0
J?.0

‘2.0
o
2.0
2.9

::;
7.9
9.9
1.9

2.0
0
Q.0
2.9
4.9
6.9
7.9
D.0
e.0

2.0
0
2.0
2.9
4.9
6.9
7.9
9.9
1.9

2.0
3
2.0
2.9
k.g
7.0
7.9
).0
?.0
—

%
m
-SK%
,1.o
.23
.k
.P
1.01
1.19
1.54J
1.g:

-.33:
-.03

:g

:$?
1.13
l,4&
1.84/

-ax
.03
.9:
.%

l:Z
1.247
1.59-
1.971

-.403
-.ra?
.140
.39

:X
1.I.27
1.433
1.793

-.140
.E2
.403
.566

1:%’7
L.3~
L.747
2.13

-.F7
-.192
J28

:2:
.913
L.091

::%

-.M8
.192
.Y37
.670
1.025
L.b07
L.615
?.Im6
?.419

M = 5.05

f%
mm
-.0C6
:ml
-.24a
-.444
::g

-.s53
.1,088

.192

-:%
-.182
::@&

-.97

::2

-:%
-.L92
-.273
-.43k
-,636
-.695
,;.g3
.

.2%

.EO
-.On
-.1!93
-.*
-.W
-.636
-.8x2
1.028

.OIJ
-.leo
-.25

:$!
..m
-.979
L.1s$

.333

.1%
-.oy.
-.la
-.39
::%

-.W8
L.018

1%c~
O.m!-o.
.O1.1-.Ceo

.UL
:% .241
-.019 ,422
-.03 .@i
-.0401.046
-.0541.232
-.0641.5g3
-on 1.933

.Oba I::og

.&?7

.013 .225

.003 .36
..CQ3 .6n
-.011.995
-.016l.1~
..02-(1.536
-.0s 1.$2

-.fw
..027
..048
..062
..Q34
..3.02
..la
..134
..155

-.=5
.03
:?%
.7M
1,13
1.286
1.654
e.c64

-.410
:% -.le3
,033 .146
.03Y
.o19
.013 :%
.O111.169
.W8 1.54
.CQ51,9d

.O* -.146

.Ck31 .123

.3&6 .410

.154 .576

.U7 .921

::% ::%

:%3 ::rt

J?55

:%

.CA

.016

.003

.C08

.a35 !-.y6-.
.1*

:3
.942
1.L28
1.484
1.866
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TABLEI.-AERODYNAMICC~CTERISTICSOF CONTROL-WING-BODYCOMBINATIONS
(b) Trailing-edgespoiler control

=&
-2.1
0
2.1

;::

E
1.J3.2
12.3

-2.1
0
2.1

:::
1o.3

-4.2
-2.1
c1
2.1
2.9
5.0
7.1
1o.2
U2.3

-2.1
0
2.1
4.2
7.1
1o.3

M-

m
o.~
-.39k
-.048
.288
.464
.&%

1.W
1.%5
2.121
2.67k

-.X8
.049
.34
.-m
1.%8
2.4M

-.*
-.5%
-.21-/
.1=
.332
.7%
1.2&J
2.088
2.712

-.155
.217

iii

o

CD

izim
.236
.X2
.23
.2%

I&

.609

.83

.23

.202

.23s

:3
.705

J&8
.339
.279
.27k
.2W
.334

:E
.829

.274

.279

.339
J-m
.58k
.ea

T
c~ cm

-o. 0.
-.402 .252
-.048 .046
.296-.153
.4S -.263
.& -.5U
1.342-.’@
1.6i4-.953
2.L95-1.p
2.793-1.633

-.295 .153
.048-.046

-.252
:% -.486
1.924-1.193
2.503-1.545

-1.mg .640
-al .402
-.207 .1*
.165-.055
.406-.221
.mg -.466
1.3XI-.*3
2.162-Z.275
2.771-1.634

-.165 .~
.a7 -.174
.601-.&w?
1.(X9-.64’0
l.-@-1.125
2.657-1.642

1

a
=
o
2.0
2.9
5.0

J::
10.0
X2.1

-2.0
0
2.0
2.9
5.0

co
10.0
li?.1

-2.1
0

E:;
5.0

:::
10.0
1.2.1

+.0
o
2.0
2.9
5.0
7.0
8.0
10.0
u .1

m
~
.227
.404
.727
1.*
1.275
1.660
2.071.

-:~2

:%
.7’76
1.Ikg
~.m
l.gll
2.*

-.414
-J-24
.M1
.376
.693
1.07g
L.&3
1.643
2.f&

-.l~
.1$
.432
.5s0
.Wi
1.260
1.605
2.033
2.466

M - 4.:

m
m3-
.151
.1*
.184
.233
.@!
.*
.465
.&z?

.166

.12

.178

.203
;y5

:?;

.v?

.242

.lg2
lea
.lgo
.23
.ml
.?M
.463
.621

.191

.lg6

.239

.261

.3P

.43Y

.423

.623

.8EA

-t-

c~ Cm
0.3500.Z3
-.044 .03?
.23?-.G3
.413-.239
.744-.4A

-.646
$:Z -.735
1.715-.957
2.155-1.207

-.232 .123
.Ou -.o~
.3X -.208

-.267
:% -.@
1.1* -.671
@t3 -.97
1.974-1.1-Z
2.437’-1.437

-.423
-.124

:%
.715
1.107
1.2gg
1.6s6
2.W

.278

.m
-.055
-.220
-Jilo
-.635
-.-@o
-.933
-1.191

1-.157 .063
.U6 -.107
.& -.284
.562-.W

-.5%
1:F3 -.T-@
l.@ -.*
2.IIL-1.2%
2.593-1.5*

a

=zif
o
2.0
2.9
k.g
6.9

;:?’
w .0

-2.0
0
2.0
2.9

::;

E
12.o

-2.0
0
2.0
2.9
4.9
6.g

;:;
12.0

-2.0
0
2.0
2.9
4.9
6.9

;;
3-2.0

%
Ei%y
-.Ola
.23
J@
.*
1.027
1.1>
1.493
1.873

-:%4

.33h

:?7
1.Ow
1.*
1.653
2.046

-.433
-.124
.148
.3*
.687
1.03g
1.143
1.493
1.267

-.14a
S24
.433
.m3
.W
1.1*
1.k33
1.835
2.150

%
m
.13
.153
.1%
.227

iij

.149

.134

.158

.lg!3

.246

.35

.@

.501

.659

.a

.lgcl

.l$II

.194

.228

.2%

.333

.433

.X5

.lgil

.lg3

.229

.239

.37
AC&
1:$

CM

5ZE!
-.OI.8
.2*
J+*
.776
1.Ofi
1.187
1.553
1.g51

-.219
.048
.339
.4542
.’i@
1.1o3
1.345
1.715
2.139

-.441
-.124
.155
.337
.*
1.037
1.178
1.%
1.948

-.155
.12h
.441
.514
J@
1.21k
1.%
1.916
2.31A

cm
O.1-rl

.Oy
-JO-5
-.246
-.442
-.577
-.650
-.3h5
.1.0’11

.Ilo
-.036
-.204
-.264?
-.433
-.616
-.%5
-.m
-1.226

.283

-:E
-.2#3
-.377
-.559
-.635
-.838
.1.069

.W
-.lCS
-.288
-.=
-.487
-.6gl
-.863
-1.U6
-l.%
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